Having read with great interest the Current Opinion article by Concordet et al. \[[@CR1]\] in this journal, we would like to comment on a number of points where we feel further clarification is required, or where we disagree with the authors' statements about the Levothyrox^®^ trial \[[@CR2]\].

The authors cite their previous opinion paper \[[@CR3]\] and point out the number of subjects outside the bioequivalence acceptance range. We commented at the time \[[@CR4]\] that no established bioequivalence range exists for individual exposure ratio (IER) estimates. It is unclear how to interpret the percentage of observed IERs outside this range. Concordet et al. \[[@CR5]\] did not refute this in their response; yet in the present publication, they again claim that the number of subjects with IER outside the 0.9--1.11 acceptance range for average bioequivalence (ABE) calls into question the results of the study. We maintain that it is misleading to apply the ABE acceptance range, intended for the confidence interval (CI) around the geometric mean ratio (GMR), to the IER in an ABE trial, and to draw conclusions about switchability from such calculations.

Concordet et al. \[[@CR1]\] assert that a large sample size nullifies the effect of shortening the acceptance range. They ignore the fact that a shortened acceptance range of 0.9--1.11 ensures that for the future population, average exposure with the new formulation (NF) will deviate by no more than 10% from the exposure with the old formulation (OF). With the usual acceptance range (0.8--1.25), the difference to be ruled out is 20%. This is independent of the number of subjects included in the ABE trial: the conclusion of "bioequivalence" provides this guarantee, and it is therefore incorrect and deceptive to say (or to imply) that a large sample size provides any less protection for individuals than a small sample size. If the true GMR of two formulations is outside the 0.9--1.11 acceptance range, then the chance of falsely concluding bioequivalence is bounded by the type I error rate (5% for ABE, as required by regulators). The greater the deviation from equivalence, the smaller the chance of such an erroneous conclusion, especially with more precise estimates that come with larger sample sizes.

Concordet et al. \[[@CR1]\] illustrate that a smaller sample size in the Levothyrox^®^ trial would have led to a lower chance of demonstrating ABE. They use this undeniable and unsurprising fact to cast doubt on the conclusion of the original trial. The opposite is the case: it shows that the trial was planned appropriately, namely with a sufficiently large sample size to meet its objective of conclusively demonstrating presence or absence of bioequivalence. It should be noted that the sample size for any bioequivalence study must be justified statistically, as required in guidance documents by health authorities around the world. It is generally accepted (see, for example, Davit et al. \[[@CR6]\], a reference also quoted by Concordet et al. \[[@CR1]\]), that at least 80% or 90% power is required. If a trial is "under-powered", participants are unnecessarily exposed to the study intervention and procedures, and this would be unethical. The Levothyrox^®^ study was planned and executed to high scientific and ethical standards, and the sample size justification was no exception to this.

In this context, it is unnecessary and misleading to use a re-sampling approach. Unnecessary because the results can be obtained analytically---see Fig. [1](#Fig1){ref-type="fig"} as an illustration. Misleading because in their re-sampling exercise, the authors implicitly fix the true GMR as well as the variability so that they are known quantities. In an a priori sample size calculation, this information is not available, and the uncertainty around these unknown quantities must be accounted for. Specifically, the observed GMR in the Levothyrox^®^ study was close to 1; in planning such a study, it is common practice (and explicitly required by the US Food and Drug Administration \[FDA\] \[[@CR7]\]) to allow for a 5% deviation in exposure between the formulations. Further, by definition, a re-sampling exercise only considers study completers, whereas in planning an experiment, one must reflect the expected number of non-completers in the sample size. Especially in a crossover study with a relatively long washout period, not all participants will return for the second administration, and in accordance with guidelines, it is necessary to specify up front how many additional subjects will be recruited to compensate for this. Consequently, the statement that "it is with 150 subjects that the ABE would definitely have been demonstrated" is wrong in this generality. Furthermore, such reasoning is based on post hoc power considerations, a practice that is generally considered inappropriate (see, for example, Hoenig and Heisey \[[@CR8]\] and Jiroutek \[[@CR9]\]).Fig. 1Power to conclude ABE versus sample size in a 2 × 2 crossover study. The calculations assume a mixed intra-subject CV of 23.7%, and an ABE acceptance range of 0.9--1.11. The blue line shows the power assuming no difference between the formulations; the red line allows for a 5% difference in exposure. *ABE* average bioequivalence, *CV* coefficient of variation, *GMR* geometric mean ratio

As in their previous opinion paper, Concordet et al. \[[@CR1]\] make a connection between a narrower bioequivalence acceptance range, and individual bioequivalence (IBE). It is not our place to comment on the usefulness of IBE as a concept; we do, however, take issue with the implication that the Levothyrox^®^ ABE trial was planned to hide a deficiency of the NF. Both the choice of design and the justification of the sample size met all regulatory requirements and were scientifically and ethically sound.

Without wanting to appear petty, we should point out that the paper contains several inaccuracies and misrepresentations. For instance, the authors confuse median and mean at one point, and they imply that Levothyrox^®^ is a "highly variable drug" (HVD; according to the definition set by regulatory authorities \[[@CR10], [@CR11]\], a drug is an HVD if its within-subject variability is greater than 30%---this is not the case for Levothyrox^®^). Finally, we would like to distance ourselves from the statement that "ABE formally considers the subjects enrolled in a trial as 'experimental material' (they can be regarded as running chromatograph columns)". This implies that sponsors and planners of ABE trials inherently display a callous attitude to participants in such a trial, an accusation we must strongly protest. Any protocol must be reviewed and approved by an ethical committee and the very choice of a sufficiently large sample size to ensure a sufficiently high power (\> 90%) is proof of our high consideration to volunteers as pointed out earlier.
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